many years in studying for the Tuberculosis Commission. A point upon which he was about to speak when Mr. Whitelocke rose was the path of tuberculous infection through the female genitalia. Though rare, this deserved mention. Even in cases in which the uterus itself was not infected, tubercle bacilli might pass up from the vagina by the ascending mucous currents described by Mr. Bond, of Leicester, and give rise to primary tuberculous salpingitis. Primary tuberculous salpingitis probably never occurred in children, but was mainly seen in mllarried women. But necropsies in young girls sometimes showed such extensive enlargement of the Fallopian tubes in tuberculous peritonitis as at first to suggest that the infection was primary in the tubes. In such cases it was important to determine by sections whether the tuberculous infection had spread from the peritoneal surface or from the nmicous surface of the Fallopian tubes, as it should do when the infection arrived by way of the uterine passages. The real question in the present debate was, how much more often tuberculous infection occurred via the respiratory passages than via the alimentary canal. Dr. Bulloch's critical article brought forward a wealth of evidence to show that the respiratorv tract was the important path of infection. The statistics as to the incidence of primary alimentary tuberculosis in children were interesting; those for London, Edinburgh, and other parts of the kingdom giving a mean of 19 per cent., as against 4 per cent. in Germany and 3 per cent. in the United States of America.
Probably one reason why tubercle bacilli invaded the alimentary canal less readily than the respiratory tract was that the acid gastric juice destroyed, or greatly inhibited the growth of, the bacilli. It was interesting to note that in certain rare cases of gastric carcinoma in which the hydrochloric acid of the gastric juice was absent, tuberculous infection of the gastric carcinoma and even large caseous tubercles in the liver had been noted. Possibly the rarity of tuberculous invasion of the lungs in the subjects of mitral disease was an argument against the intestinal origin of pulmonary tuberculosis. For if tubercle bacilli reached the lungs via the lymphatics, and were intravascular so to speak, their growth would not be so interferred with as in the case of bacilli inhaled into the bronchioles of the moist lungs of patients with backward pressure. Probably the rarity of tuberculous infection of the lungs in mitral disease depended on the inhaled bacilli being removed before they had time to effect invasion of the lung substance.
Dr. T. R. WHIPHAM said: In the majority of cases the portal of invasion in tuberculosis is through mucous membrane. The mucous membranes of the respiratory and intestinal tracts are undoubtedly the most vulnerable, but which is the more important site of infection is still a matter of some dispute, though personally I am inclined to agree with Dr. Cobbett, that in tuberculosis at all ages the former plays the greater part. Other possible sources of infection are by means of the placental circulation, and through the skin. The possibility of congenital tuberculosis is so remote that it may be left out of consideration in the present discussion, while, as a general rule, scarcely more importance can be attached to the cutaneous structures, though there are authenticated instances of accidental inoculation through an abrasion, and the fact that lupus may be a starting point of the disease cannot be ignored.
The question, for all practical purposes, thus resolves itself into a consideration of the respiratory and intestinal tracts. Welch and Albrecht are of opinion that the tonsillar region, which is in the direct line of both respiratory and alimentary introduction of the bacillus, is the most vulnerable point of all, and Grober found experimentally that there was a direct route from the tonsils to the pleurae and lungs by way of the cervical lymphatic glands, a fact which led him to suggest that to a tonsillar infection could be attributed the fact that it is the apices of the lungs which are chiefly attacked. In this association adenoid vegetations llmust also be borne in mind. Even if they do not act as a direct portal of infection, they may play a subsidiary, though important, part by inducing the habit of mouth-breathing, and thus eliminating the filtering properties of the nares. Carious teeth also may play their part in the infection, and it is not uncominon to find the condition associated with pulmonary tuberculosis.
By those who hold that pulmonary infection arises through the cervical glands various routes by which the tubercle bacilli may gain access to the lung have been suggested: First, that from the cervical glands they enter the lymph-stream, and by means of the lymphatic vessels enter the venous system, and so are conveyed to the lung; secondly, that their path is from the cervical to the supraclavicular glands, and thence to the apex of the lung; and thirdly, that from the cervical they pass to the bronchial glands, and thence are conveyed to the blood-stream and the pulmonary tissues; though in this connexion it must be remarked that no communicating channels between the cervical and the bronchial glands have been shown to exist.
As to the question whether the infection is air-borne or food-borne, Koch, not so many years ago, said: " In by far the majority of cases of tuberculosis the disease has its seat in the lungs, and has also begun there; from this fact it is justly concluded that the germs of the disease Whipham: Portals of Entry in Phthisism must have got into the lungs by inhalation." The inhalation theory. is supported by the conditions known as anthracosis, silicosis, &c., which occur in workers living in a dusty atmosphere, and have also been produced experimentally in animals. In such cases it has been thought by Arnold and others that the particles which escape the expelling action of the ciliated epithelium are inspired into the pulmonary alveoli, and are then taken into the alveolar cells, or are swept onwards by the lymph to the bronchial glands; and the same was supposed to be the case with the tubercle bacilli, which either develop into tubercles in the lungs, or pass onwards to infect the glands in the mediastinum. The way, however, in which the lungs become affected as the result of inhalation is not such a simple matter as might at first sight be supposed, and there are several views as to the exact manner in which such an infection may be brought about. Thus, Orth is of opinion that in a majority of cases the lungs are affected by direct aerial infection through the air-passages, and that the bronchial glands are subsequently involved. Ribbert also upholds the same view as to inhalation being the means by which the disease is acquired, but he differs from Orth in that he supposes that the inhaled bacilli are absorbed and carried straight away to the bronchial glands, which, in consequence, become tuberculous, and that the lungs are infected secondarily by a spreading outwards of the disease from the original foci in the glands. Birch-Hirschfeld, and Abrikossow, on the other hand, maintain that the bacilli are inhaled into the bronchi, and that the disease begins as a peribronchitis of a tuberculous nature, which tends to spread both centrifugally and centripetally. After the onset of caseation infected particles from these lesions become aspirated into the pulmonary alveoli and give rise to tuberculous foci!there.
The actual infection is carried to the pulmonary tissues by means of either fluid or solid particles. Fligge believes that the disease is spread by the inhalation of minute droplets of fluid in which tubercle bacilli are suspended, such droplets being derived from the exhalation or expectoration of infected persons, while Cornet attaches more importance to dried particles and dust as the carriers of infection, and in holding this view he confirms the opinion of Koch.
Another argument in favour of the inhalation theory is put forward by Findel, who found that five million tubercle bacilli when inhaled by a dog caused extensive pulmonary tuberculosis, while 1,220 times that dose, when given by the stomach, produced no effect. -Other experiments on guinea-pigs showed that as small a number as twenty tubercle bacilli were sufficient to cause pulmionary disease when inhaled, whereas the animals were able to withstand 382,000 times that dose when introduced into the alimentary canal.
The possibility of an intestinal source of infection was demonstrated as long ago as 1868 by Chauveau, who succeeded in transmitting the disease to heifers by the ingestion of infected matter from a tuberculous cow. In 1903 von Behring re-opened the question, and since then much has been written on the subject. As regards the stomach, it must be remembered that there is no certain evidence that infection occurs from the surface of that organ. The gastric juice, moreover, is inhibitory to the growth of tubercle bacilli, but it is not bactericidal, at least during the usual period of gastric digestion. Tubercle bacilli in a virulent state, therefore, can pass on into the intestines. Cadeac and Malet, amongst others, have failed in their experiments to produce pulmonary tuberculosis by inhalation, and Vansteenberghe and Grysez have also cast doubts on the origin of anthracosis through inhalation of particles, finding that coloured dust introduced into the alimentary tract could easily find its way into the lung, and that inhalation alone, after ligature of the cesophagus, failed to produce the condition. In other of their experiments the digestive tract was left patent, and through a low tracheotomy one of the main bronchi was completely plugged with cotton-wool, thus cutting off one lung entirely. After prolonged inhalation of a carbon-laden atmosphere it was found that the lung, by means of which respiration had been carried on, showed deposits in the bronchi and alveoli, and to a certain extent in the parenchyma also, while the lung, which had been cut off, presented a definite infiltration of the parenchyma with carbon, the bronchi and alveoli being free. The experimeents of Whitla and St. Clair Symmers led to a similar conclusion. Injections of China ink into the vein of a rabbit's ear caused a deposit of carbon in the lung within an hour, and a solution of the same substance introduced by means of an cesophageal tube into the stomachs of guinea-pigs resulted in the lungs being charged with carbon, while the upper mesenteric glands were free. The same was also found to be the case when the carbon particles were injected into the peritoneal cavity. It appears that the carbon particles gain an entrance through the intestinal epithelium, and, reaching the lymphatics, pass through the mesenteric glands, and finally find their way into the thoracic duct and so into the venous circulation and the lungs.
Vansteenberghe and Grysez found that the disposition of carbon particles was not the same in both young and adult animals. In young guinea-pigs, fed by mneans of the stomach-tube, the particles, after reaching the mesenteric glands, were there arrested, so that the lungs 22AJ9 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from remained free, whereas in adult animals they reached the lungs in the manner just described. Inhalation experiments on young guinea-pigs, which were made to breathe a carbon-laden atmosphere for a long time, showed that the particles reached the lung, but were not present in the parenchymna, while in the case of rabbits, which breathe through the nose, they had not even reached the trachea.
It is argued that the same thing imay occur in the course of tuberculous infection. Primary intestinal tuberculosis is very rare, and on the analogy of anthracosis there is no need to presuppose such a lesion. Tubercle bacilli administered in fatty food to dogs, guinea-pigs, and other animals, have been demonstrated in the chyle within a few hours, the intestinal surface being found to be intact. Calmette and Guerin and Breton have injected into the stomach through a tube emulsions of living bacilli, with the result that the bacilli have been absorbed through the intestine and have given rise to tuberculous deposits in the iiesenteric glands, lungs, and other viscera. In animals which lived beyond thirty days the lungs and mediastinal glands were always affected, while in guinea-pigs surviving fifty or sixty days the deep cervical glands were nearly always tuberculous, and even after ten days the entire lymphatic system was found to be infected, as shown by injecting other animals.
Young and adult animals show the same difference in their reaction to the infection of tuberculosis as in the case of carbon particles. Calmette and Gue'rin, experimenting upon young goats, found that tubercle bacilli introduced through the stomach-tube were arrested in the mesenteric glands, but that as soon as these became caseous the bacilli filtered through and the lungs were invaded. In the case of adult goats the bacilli at once passed through the mesenteric glands and attacked the lungs without causing the glandular lesions which were obvious in the young animals. The variations in the infection in young and adult animals may possibly be explained by histological differences in the mesenteric glands at different ages. In the adult the alveoli of the glands are looser in structure, and consequently the bacilli may be supposed to pass through into the chyle and thence find their way to the fine capillaries of the lungs and the bronchial glands. The reason why the bronchial glands may become affected after the mnesenteric have escaped is explained by Bartel as due to the difference in behaviour to the tubercle bacilli on the part of the various groups of glands, tuberculosis, according to him, becoming manifest in a mnore severe degree and at an earlier period in the bronchial glands than in any others.
Section for the Study qf Disease in Children
Von Behring affirmed that adult phthisis was the result of an old intestinal infection which had occurred in infancy, but Calmette and his colleagues dispute this on the ground that their experiments show how easily the lungs can be affected in adult animals through the intact intestine. It must be remembered, however, that the introduction of tubercle bacilli into the alimentary tract is not necessarily followed by tuberculosis even in the most susceptible animals. The bacilli may pass straight through, or if they are absorbed they may be taken up by the leucocytes and be destroyed. Now what is the relative imnportance of the bovine and the human forms of the bacillus ? Koch enunciated the dictum that the two were different, but it is generally agreed that the bovine, human, and possibly the avian fornms are really the same organism, though modified by environment.' According to German statistics, one-tenth of the bacilli isolated from adults are of bovine origin, while the proportion in children rises to as high as 50 per cent., presumably on account of the large amount of milk consumed in early life. Bovaird found that the organism was of the bovine type in 70 per cent. of cases of abdominal tuberculosis in children, and rarely so in other cases, while Welch also states that the number of human lesions originally due to bovine infection is probably even higher than is at present known.2 According to the Registrar-General's Reports, about one-ninth of the total deaths from tuberculosis occur from tuberculous meningitis, and of these 60 to 70 per cent. are under the age of 5 years; about one-eleventh succumb to tuberculosis of the peritoneum and mesenteric glands, of which the same percentage are under 5 years of age; and about one-fourteenth are due to generalized tuberculosis, 40 to 50 per cent. of which are under 5 years. A vast number of children thus die annually under the age of probably acquired by inhalation. The mucous membrane of the digestive tract in adult life apparently affords a protection against the pathogenic organisms, which is not developed in the infant, and to this must be attributed the possible difference in the portal of infection. Even in children also the theory that the disease may be due to inhalation is not without support. Gaffky and Rothe have recently found in 400 necropsies on children evidence of tuberculosis in 19'5 per cent. In one case only was the bacillus unmistakably bovine, the rest being apparently exclusively of the human type. These results, they affirm, show the preponderant importance of inhalation for the development of tuberculosis in children. The same opinion is also held by such observers as Albrecht, Escherich and Comby, the two last going so far as to state that all infection occurs through direct hunan contact.
The question as to the portals of invasion in tuberculosis is a complex one, and a definite solution has not as yet been arrived at. However strong may be the arguments in favour of the inhalation theory-and in adults this mode of infection seems the most likely-in children, at all events, the possibility that the disease may be acquired through the intestinal tract cannot be excluded.
Dr. COBBETT, in reply, said it was interesting to hear that tuberculosis in the cervical glands could occur from lesions in the scalp produced by pediculi in that part. It was new to him. It was another instance of a portal of entry being thrown widely open. With regard to tuberculous salpingitis, Dr. Rolleston had answered that more' fully than he could have done himself. He had frequently seen in the female rabbit tuberculosis of the Fallopian tubes and uterus follow intraperitoneal injections of tubercle bacilli. In reference to the effect of the acidity of the gastric juice, he confessed that that was a point to which he had not given sufficient attention. It was an important point, and he was not prepared to say much about it at present. Tubercle bacilli were fairly resistant organisms, and were not easily killed by gastric juice. The matter would receive his future attention.
The chief anatomical differences between the tuberculosis of children and that of adults would seem to be: first, that the former is frequently abdominal while the latter is usually pulmonary in situation; and, secondly, that in children the lesions have a tendency to affect severely, or even be localized in, the lymph glands, while in the adult this is not so. The relatively greater frequency of abdominal tuberculosis in children was probably due to their habits. In milk, and particularly in dirt picked up from the floor, or derived from playthings which they put
